We have demonstrated in vitro the existence on the plasmid pBR322 of a promoter signal that is strictly dependent on cAMP and its receptor protein CRP. Transcription initiates with pppG at nucleotide 2270 and proceeds counterclockwise on the standard pBR322 map. DNase protection studies show that CRP selectively binds to the -35 region of the promoter. This region exhibits strong structural horaologles to the binding sites of other CRP-dependent promoters.
INTRODUCTION
Control of transcription initiation is one important mechanism for the regulation of gene expression. Three proteins that positively activate certain promoters for transcription have been purified from phage and bacterial systems: cAMP receptor protein (CRP, ref.l), phageX cl protein (2) , and phageX ell protein (3) . Whereas the phage activators are specific for one or two promoters, CRP and its required cofactor cAMP activate transcription of a set of catabolite-sensltive operons (for review, see ref. 4 ) . The promoter sites of several of these operons (Jji£, g^, ara) have been characterized and shown to respond properly to cAMP-CRP in transcription reactions using purified components (5, 6, 7) .
Comparison of the sequences of the 22£, gal, and ara promoters has revealed certain structural homologies and symmetries. Recently, enzymatic and chemical protection studies have defined the CRP binding sites in these promoter regions. However, the position of the binding sites has varied with respect to some of the homologous structural features in the promoters, making it difficult to correlate function and structure. The characterization of additional CRP-dependent promoters should facilitate the development of a general model of CRP function.
We report here the existence on the commonly used plasmid pBR322 of a promoter strictly dependent on cAMP and CRP. We have positioned this promoter within the known sequence of pBR322 and have determined its precise transcription startsite. In addition, DNase protection experiments have been used to define the interaction site of CRP within the promoter region. Comparison of the new promoter with other CRP-dependent promoters clarifies and reinforces some current ideas on CRP function.
MATERIALS AND METHODS
Terminal ^^P-labellng and sequencing pBR322 ONA was digested with restriction endonuclease Hinf I, dephosphorylated with calf alkaline phosphatase (BRL), and 5' endlabeled (8) using y-32 P-ATP (ICN, 4000 Ci/mmole) and T4 polynucleotide kinase (Boehringer-Mannheim). The DNA was redigested with Pvu II and applied to a 5% polyacrylamide gel. The appropriate fragment was eluted from the gel and sequenced by the procedure of Maxam and Gilbert (8) . Reactions were incubated for 20 min at 37°C and the products analyzed on 4% polyacrylamide gels containing 8M urea as described (8) .
Characterization of the RNA RNA transcripts were electro-eluted from excised slices of the gel, digested with Tl rlbonuclease and fractionated by two-dimensional fingerprinting (9) . The resulting oligonucleotides were analyzed by digestion with pancreatic rlbonuclease and electrophoresis of the products on DE81
paper at pH 3.5 (9) . For determination of the 5'-terrainal dtnucleotide, the RNA was separately digested with ribonuclease PI and rlbonuclease T2 and the products resolved by electrophoresis on DE81 paper at pH 1.7.
The products were Identified by their mobilities relative to appropriate markers.
DNase protection
DNase protection studies were carried out by the method of Galas and Schmltz (10) . We Incubated .015pg of the Hinf I-Pvu II fragment spanning the promoter region (32p_i a h e x e( j a t th e Hinf I end) in trans- It is known that addition of glycerol to an _in vitro transcription reaction stimulates RNA synthesis from certain promoters (14) . In particuular, glycerol will partially activate the normally CRP-dependent lac promoter in the absence of cAMP and CRP (15) . In contrast to lac, we found that glycerol did not replace the requirement for cAMP-CRP at the pBR-P4
promoter ( We determined the exact transcription startsite by ribonuclease PI and T2 analyses (Materials and Methods). The results (Table 1) The CRP binding site in the pBR-P4 promoter
We used a DNase protection method (10) In order to find the binding site of CRP in the pBR-P4 promoter region. A Hinf I-Pvu II restriction 10 11 Figure 3 . Two-dimensional fingerprint of the pBR-P4 transcript. RNA was transcribed from Pvu T.I cleaved pBR322 DNA in the presence of CRP and cAMP and was labeled with a-32p-GTP. The pBR-P4 transcript was gel-purified and digested with Tl RNase. The oligonucleotide products were fractionated by electrophoresls at pH 3.5 on cellogel in the first (horizontal) dimension and by electrophoresis at pH 1.7 on DE81 paper In the second (vertical) dimension ( 9 The labeled fragment was also fractionated on the same gel after digestion with DNase I In the presence of (e) no added factors, (f) 20pg/ml CRP + 0.lmM cAMP, (g) 50pg/ml CRP + 0. lmM cAMP, (h) I25ug/ml CRP + O.lmM cAMP, (i) 50yg/ml CRP, (j) 2|ig/ml CRP + 40ug/ml RNP, (k) 2i«/ml CRP + 40ig/ml RNP + O.lmM cAMP. Every tenth nucleotide Is numbered (+ 1 = initiating nucleotide of pBR-P4 transcript). The nucleotide region protected from DNase digestion by CRP (g) Is bracketed.
In Figure 6a we have compared our data for pBR-P4 with that available for the other promoters. (22) promoter regions. The non-transcribed strands are shown in the 5' and 3' direction. The nucleotides i n i t i a t i n g transcription are starred, and every twentieth nucleotide is marked with a dot. Forty nucleotides are omitted from the araBAD sequence and replaced by two dots. The sequences are shifted to align the homology in boldface. The CRP binding s i t e s determined from protection studies (17, 18, 19) are underlined. The nucleotides in each binding s i t e homologous to the symmetry TGTGNgCACA are overllned. (B) Nucleotlde sequences of the pBR-P4 promoter region and a corresponding region in ColEl (26) . The nucleotlde i n i t i a t i n g transcription In pBR-P4 is numbered +1. The Prlbnow sequence and TGTGNgCACA symmetry are in boldface. Nucleotides which diverge in the two sequences are underlined.
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required for CRP activation but may take place in a variety of ways.
Concentration effects in CRP interaction
The pBR-P4 and gal promoters both require a CRP concentration of approximately 2yg/ml for maximal stimulation of RNA synthesis (data not shown). The same CRP concentration is also sufficient for binding of polyraerase to the promoter region In the presence of cAMP-CRP (Figure 5k ).
In contrast, a higher CRP concentration (50ug/ml) is necessary for protection of the pBR-P4 promoter region by cAMP-CRP alone (Figure 5f -h).
Similarly high concentrations of CRP were used to obtain protection of the gal promoter by cAMP-CRP (18) . These results suggest that cAMP-CRP has a relatively low affinity for the promoter regions, so that a high concentration is needed to afford protection. However, at a lower CRP concentration, polymerase is evidently able to form a stable complex with the DNA in the brief periods when CRP has bound.
Physiological significance of the pBR-P4 promoter
The plasmld pBR322 is a synthetic construction. The segment between nucleotldes 1762 and 3146, which includes the pBR-P4 promoter region, was derived from the naturally occurring plasmid pMBl (16) 
